Abstract In recent years, remote-sensing data have increasingly been used for the interpretation of objects and mapping in various applications of engineering geology. Digital elevation model (DEM) is very useful for detection, delineation, and interpretation of geological and structural features. The use of image elements for interpretation is a common method to extract structural features. In this paper, linear features were extracted from the Landsat ETM satellite image and then DEM was used to enhance those objects using digital-image-processing filtering techniques. The extraction procedures of the linear objects are performed in a semi-automated way. Photographic elements and geotechnical elements are used as main keys to extract the information from the satellite image data. This paper emphasizes on the application of DEM and usage of various filtering techniques with different convolution kernel size applied on the DEM. Additionally, this paper discusses about the usefulness of DEM and satellite digital data for extraction of structural features in SW of Zagros mountain, Iran.
Introduction
Faults, folds, and lineaments interpreted from remotely sensed data are often used as indicator of major fractures in near surface (Ali Syed and Pirasteh 2003; Juhari and Ibrahim 1997; Jana 2002) . Many researchers have mapped and interpreted the structure of a region based on the information extracted from aerial photographs and satellite images (Berberian 1995; Sattarzadeh et al. 2000; Pradhan et al. , 2010a Pradhan 2010d; Ayazi et al. 2010; Farrokhnia et al. 2010; Pradhan and Youssef 2010; Safari et al. 2009; Youssef et al. 2009 Youssef et al. , 2011 . The structural map can further be used for geoengineering applications such as tunneling, dams, etc. Ali and Pirasteh (2004) and Pirasteh and Syed Ahmad (2005) showed that using Laplacian convolution filter on band-4 of the Enhanced Thematic Mapper (ETM+) Landsat data increase the ability to extract structural features. However, the potential of the DEM for the extraction of these feature and comparison with the satellite images have not been performed earlier. Bolstad and Stowe (1994) produced DEMs from 1:40,000 scale aerial photographs and SPOT panchromatic pairs with automatic correlation technique and tested the accuracy of these DEMs and their derivative surfaces (slope and aspect). Accuracies of DEMs derived from different data models were assessed by Li (1994) . One of the DEMs was derived from photogrammetrically measured contour data, and the other was the gridded data from aerial photographs. As a result, he suggested that contouring could be a better sampling strategy for better accuracy.
Generally, DEM uses for building 3D view of an area. DEM can be created from either stereo pairs derived from satellite data or aerial photographs or generated from digital terrain elevation data. DEM can be readily combined with image data (both optical and SAR) for a number of different purposes (Lillesand and Kiefer 1987) . For example, DEM was used to calibrate and geocode SAR data classification is very limited due to higher cost involved in preparing the DEM.
Mostly, files in DEM format are taken from contour maps. Various techniques of image preprocessing, integration of ancillary data have shown positive results to improve the filtering results. This study carried out to explore the use of DEM in enhancing structural and 
Study area
The study area is a part of the Zagros mountains which lies in the southwest (Fig. 1) of Iran is one of the best exposed regions for geostructural features. This paper tries to express and answer the following question: (a) potential of DEM for evaluation and extraction of geostructural features, (b) the usefulness of DEM with or without satellite image to extract the geostructural features with certain degree of accuracy, (c) identifying of a suitable filtering and convolution kernel to optimize the enhancement for extraction of the geostructural features from DEM, and (d) to generate a 3D image of the area in order to increase the accuracy of the semi-automated interpretation in conjunction with several field data.
Data and methodology used
Digital image processing and DEM Generally speaking, different methods may be applied on the image to extract the geostructural and geomorphology features information (Lee and Pradhan 2006, 2007; Pirasteh et al. 2008 Pirasteh et al. , 2009 Pirasteh et al. , 2010a Pirasteh et al. , 2010b Pirasteh et al. , 2011 Lee 2005; Giacinto et al. 2000; Pradhan et al. 2006; Lee 2009, 2010a, b, c; Pradhan and Buchroithner 2010; Pradhan and Pirasteh 2010) . One of these methods is filtering and convolution high-pass technique on the satellite image like ETM+ Landsat. However, this paper discusses about various convolution kernel size and matrix using different filtering and convolution techniques (i.e., high pass, low pass, directional, and Laplacian) on DEM to compare them with each other and further to ETM+. This will indicate how DEM and which technique is more affected to extract structural features.
Firstly, the contrast of six bands of the ETM+ data are digitally enhanced. The images of all the bands are compared with respect to contrast and definition of structural features. As a result of visual evaluation, Landsat ETM+ band-4 data which record the information at the wavelength between 0.75 and 0.90 μm were selected for this study, since it shows good contrast and display structural features like folds, faults, and lineaments as compared with the other bands. However, the infrared band-4 of ETM+ Landsat image has been considered for filtering convolution kernel size too. Both directional and Laplacian convolution filter has been attempted within ENVI version 4.2 software environment. Figure 2 illustrates both filters kernel size and marix applied on the ETM+ satellite image.
The information extracted from both DEM and ETM+ data are finally merged and compared in order to understand the potential of the DEM. Digital-imageprocessing filtering convolution techniques have been applied on the DEM, and different images are produced. The high-pass technique has been applied on DEM with 3× 3, 5×5, 7×7, and 11×11 martix convolution kernel size (Fig. 3) . The lineaments features are further enhanced. Low-pass filtering techniques have also been applied on DEM to enhance the objects (Fig. 4) . Kernel size matrix applied on DEM is 3×3, 5×5, and 7×7. Laplacian filtering convolution kernel size of 3×3 and 5×5 have also been attempted to extract the objects through a semi-automated interpretation on the DEM (Fig. 5) . Finally, the directional technique with zero angle with kernel size 3×3 and 5×5 have been carried out to produce the images with better enhancement and ability to interpret the objects (Fig. 6) .
The source DEM has been produced using Rivertools software with text format extracted from aerial photographs and later generated digital topography map by Iranian Survey Organization (ISO). The data have been converted to text format using Microstation J software. Preprocessing, which is designed to remove any undesirable raster characteristics is produced by the initial processing of the raw data and remove noise and correct geometric distortions. The geometric correction of the ETM+ satellite image was performed by registering the image to 1:25,000 scale digital topography map sheets by selecting 100 ground control points. This has been carried out using ENVI software. The resulted root mean square error was less than 1 pixel (20 m). This was achieved by using the first-order nearest neighborhood transformation method (Pradhan 2010a , b, c, d, e, Pradhan 2011 . This is because the difference in contours lines from the digital topography map provided by ISO is 20 m. A geometrically corrected raster image was then overlaid on the DEM to produce a 3D image for increasing the accuracy and representing the lineaments and geomorphology features. The geostructural features were detected from the ETM+ data using image techniques elements after applying the digital-imageprocessing techniques. These techniques enhanced the objects and further facilitate the analyst to make on-screen digitization. Furthermore, the objects have been mapped by interpreting and using on-screen digitations along with the field observations. This interpretation is defined as semiautomated interpretation. The keys for interpretation are photography elements such as tone, shape, association, and geotechnical elements such as erosion, topography, and vegetation. The same features are extracted from DEM separately after applying all aforementioned filtering techniques. The linearity and sharp lines, slope, light gray-tone pixels, and elevation topography are main keys for interpretation on DEM. Subsequently, several field observations were carried out in order to validate the extracted information from ETM+ and DEM data (Fig. 7) . Finally, the extracted information were converted into the ARCGIS version 9.2 environments to produce the final structural map. a 3*3 b 11*11 
Results and discussion
In this paper, the most common way of presenting the geostructural features and the potential of DEM using the digital-image-processing techniques is disucssed. We applied different filtering techniques and convolution kernel size on DEM. The geostructural features extracted from infrared band-4 of ETM+ Landsat enhanced the feature for structural features detection. This emphasizes and supports the information extracted from DEM. The information extracted from DEM has shown a reasonable understanding and matches with the information extracted from ETM+. To further enhance the geological structural information, filtering techniques such as Laplacian and directional convolution filters are applied to Band-4 Landsat ETM+ data. The result shows that the number of filters of the values produced (Fig. 2) enhanced the general characteristics of folds, faults, lineaments, and thrusts of the area. The folds, faults, and lineaments in the study area are seen through different enhancements and filtering on images and some are only seen in a directionally filtered images. The reorganization of folds, faults, and lineaments on the images are based on vegetation linearity, tonal changes in the images, drainage pattern, topographic breaks, landscapes, and discontinuity in the lithology, tectonic landforms such as klippe, nappe, fenster and scarps.
Different filtering kernel size on DEM reveals that the directional filter with 7×7 kernel is more powerful to interpret the geostractural features visually and on-screen digital interpretation. The comparison of the different generated images using various filtering techniques are depicted in Table 1 to show the potential of the DEM for semi-automated interpretation from DEM.
Moreover, the combinition of the extracted information from DEM and ETM+ satellite data is very similar This was further confirmed when the field observations information have been applied. In some pixels that do not allow the interpretation of the structural features on ETM+, using DEM can be a good combinition to extract more information and validate the performances of ETM+. The DEM and ETM+ were used to generate the 3D image of Zagros mountain (Fig. 8) and overlaid the structural features on 3D image for increasing the accuracy and validating with the ground observation.
When we applied high-pass filtering with convolution kernel sizes 3×3 to 13×13 on DEM, it has been found that the structural features are more enhanced and can easily detect the lineament features. But, when the same method was applied on ETM+ Landsat band 4, it did not suggest a better enhancement. Although satellite data have its own potential to detect the objects and extract the information, it has been shown that working on DEM using a high-pass kernel size to extract structural features are more preferable than the ETM+ data itself. It is because the ability of the analyst to interpret the object increases mainly when there is vegetation cover and makes it difficult to interpret the geostructural and geomorphological features on the image.
The low-pass filtering process on DEM shows that when different convolution kernel size was applid, no changes can be seen on the original DEM. Furthermore, the Laplacian filtering with different convolution kernel size on DEM shows that if the kernel size is 3×3 and 5×5, the source DEM remain dark, but increasing the kernel size; the DEM starts to make the features enhance. This enhancement is not as much as what we have seen in the high-pass convolution filter. The directional filtering with zero angle for kernel size 3×3, 5×5, 
Concluding remarks
Comparing the filtering techniques on DEM suggests that the high-pass filtering with 9×9 convolution kernel size is reliable to be used for the detection of geostructural features. Furthermore, the comparison between high-pass filtered DEM and ETM+ Landsat with band-4 infrared indicates that the combination of both raster data makes it powerful and strengthens the ability to have a semiautomated interpretation. The information extracted from the ETM+, DEM, and field observations have been merged together in GIS environment and produced a structural map (Fig. 9) for future geoengineering application purposes. As a final conclusion, this study shows the advantages of the remotely sensed data and GIS techniques for detecting the linear features by using semiautomatic filtering techniques. It also reveals that the DEM can be a very useful tool for the study of geomorphology within the GIS environment. Similar studies can be adopted for different study areas with mountainous topography.
